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Introduction

Sremska and Sudzuk are typical Serbian dry 
fermented sausages (DFS) from pork and beef meat, 
with a long tradition of production in the country. 
These sausages are highly regarded among consum-
ers and have potential for export to other countries. 
In industrial production, the stability and long shelf 
life of DFS rely on biochemical and physico-chem-
ical changes in fermentation and drying process-
es. Effects of multiple antimicrobial factors, the 
so-called “hurdle concept”, which includes adding 
nitrites and acidulants/starter cultures plus lowering 
water activity (aw), provides a hostile environment 
for spoilage and pathogenic microorganisms (Ducic 
et al., 2014). Levels of nitrites, proteins and mois-
ture and the lowest permitted pH value of DFS are 
prescribed by official regulations (Official Gazette, 
2018; Official Gazette 2015), while other aspects 
such as aw, presence and concentration of acidulants 
or starter cultures, fat content, and level of NaCl are 
related to inner meat industry standards and princi-
pals of Good Manufacturing Practice.

The aim of this study was to investigate select-
ed physico-chemical characteristics in order to com-
plement information on the safety and quality of 
typical, industrially produced Serbian DFS.

Materials and Methods

Two types of DFS, Sremska and Sudzuk, pro-
duced by standard procedures including ripening 
without starter cultures, were investigated at five 
commercial meat industries (A, B, C, D, E). In in-
dustry A only, both types of sausages were investi-
gated. Sausages were sampled at the start (day 0), 
at mid-process (day 8) and at the end of the pro-
cess (day 15). Each sampling included 6 samples of 
each sausage produced (108 in total). Formulations 
used for DFS production are presented in Table 1. 
Regarding raw meat materials: producers A, C and 
D used semi frozen meat trimmings (−5ºС to −2ºС); 
B used cooled unfrozen (+4ºС) and frozen meat 
trimmings (−8ºС), ratio 60:40; E used cooled meat 
trimmings. Batters for pork sausages and beef sau-
sages were stuffed into natural pork casings and col-
lagen casings, respectively.

Physico-chemical analyses: aw in sausages was 
determined using LABSwift-aw set Euro-plug&BAT 
equipment (Novasina, Switzerland); pH was de-
termined by a hand-held pH meter (Testo 205; 
Germany). Both methods were according to the 
manufacturer’s instructions.

Chemical analyses: moisture (ISO 1442, 
1998); lipids (ISO 1443, 1992); proteins (ISO 937, 
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1992); NaCl (ISO 1841–1, 1999); ash (ISO 936, 
1998); NaNO2 (ISO 2918, 1999).

Statistical analysis: Determination of mean 
values, standard deviation and analysis of variance 
(ANOVA) followed by Tukey’s test for the signif-
icances (P < 0.05) of differences between grouped 
data was conducted by using Statistica Version 12 
software (Stat Soft, Inc., Tulsa, USA).

Results and Discussion

Sremska sausages

The pHs of Sremska sausages on the first day 
of the production processes (Table 2) were in ac-
cordance with the results reported by Kozacinski et 
al. (2008) and Radulovic et al. (2011) for Sremska 
at the same stage of production. The exception was 
the initial pH of sausages from industry B, with val-
ues that were considerably lower (5.0) than the other 
Sremska sausages studied (Table 2). Industry B used 
unfrozen chilled and frozen meat (see Materials and 
Methods), and batter prepared from these types of 
ingredients faster reached fermentation temperature, 
at which GDL is completely dissolved (21–23°C). 
During fermentation, the activity of GDL and pro-
liferation of lactic acid bacteria induced significant 
acidification of the product. Decreasing pH is an im-
portant inhibitory factor for constraining potential 
growth of Enterobacteriaceae and other pathogens 

and undesirable microbiota in sausages at the begin-
ning of the ripening period, when aw is still high, as 
is the fermentation temperature. Therefore, on day 
8, the pHs of the Sremska sausages were 0.4–0.6 
units lower than the pHs   at the beginning of pro-
duction. The pH of the finished products was identi-
cal or slightly higher than the pH determined on the 
middle day of production (Table 2). This slight in-
crease of pH in finished Sremska sausages could be 
induced by the release of the degradation products 
of proteins, as well as the decomposition of lactic 
acid during the remaining drying period (Salgado et 
al., 2006; Vukovic et al., 2004). Regarding the level 
of acidity, all finished Sremska sausages were clas-
sified as high-acid fermented sausages, with pH val-
ues lower than 5.3 (Incze, 2004).

The aw values of Sremska sausages on the start 
day were in accordance with the literature data for 
this type of product (Lücke, 2000). During fermen-
tation and the initial drying period, aw in sausages 
from all three industries rapidly reduced, mainly due 
to the presence of the acidulant, GDL (Table 2). The 
dissolution of acidulant induced lowering the pH to 
the isoelectric point of the actin-myosin complex 
(pH about 5), which leads to changes of the water 
distribution in the network of these two technolog-
ically most important meat proteins. Consequently, 
the increase in the amount of free, instead of loose-
ly bound water facilitates its removal from the sau-
sages, and the appropriate application of the relative 

Тable 1.  Formulations used for fermented sausage production

Ingredient Sremska Sudzuk

Industry

А B C А D E
Meat trimmings 65 kg 65 kg 65 kg 60 kg 60 kg 82 kg

Fatty tissue 30 kg 30 kg 30 kg 35 kg 35 kg 15 kg

Spices 2.5 kg
Paprika, 
chillies, 

coriander, 
garlic, 
pepper

2.5 kg
Paprika, 
chillies, 

coriander, 
garlic, 
pepper

0.7 kg
Paprika, 
chillies, 

coriander, 
garlic, 
pepper

2.0 kg
Paprika, 
chillies, 

onion, pepper, 
mustard, 

marjoram, 
rosemary, basil

0.5 kg
Paprika, 
chillies, 

coriander, 
pepper, 
turmeric

0.4 kg
Garlic, 
pepper, 
celery

NaCl:NaNO2 
mixture (99.5:0.5) 2.5 kg 2.6 kg 2.5 kg 2.4 kg 2.6 kg 2.2 kg

Dextrose 0 0.50 kg 0.35 kg 0 0 0.30 kg

TARI S77* 1.0 kg 1.0 kg 0.6 kg 1.2 kg 1.0 kg 0

*TARI S77 – Glucono-d-lactone (GDL) 42.5%, sugars 42.5%, NaCl 12.5%, sodium аsсоrbаte 2.5%.

121



Miroslav Ducic et al. Selected physico-chemical properties of Serbian dry fermented sausages in diff erent meat industries

humidity, temperature and air velocity parame-
ters in the fermentation/drying chambers leads to 
rapid drying of the product, with a reduced risk of 
case-hardening (Incze, 2004). As a result, the aw of 
all Sremska sausages was equal to or less than 0.9 
by the middle of the production processes (Day 8) 
(Table 2). Due largely to the combination of low aw 
and pH, sausages become microbiologically stable 
products without conditions for the growth of most 
pathogenic microorganisms (USDA FSIS, 2011).

Moisture levels in Sremska sausages from all 
three meat industries on day 0 were similar (Table 
3), despite the differences between industries in 
their use of chilled/frozen meat for sausage batter. 
The results of chemical analysis show that the re-
duction in aw was followed by a decrease in the to-
tal amount of water. In the case of producers B and 
C, Sremska sausages contained below 35% total wa-
ter on day 8, meaning these half-finished products 
would already legally fit into the category of DFS 

Table 2.  pH and aw in Sremska and Sudzuk sausages

Type of 
sausage

Meat 
industry

pH on day aw on day
0 8 15 0 8 15

Sremska
A 5.4 4.9 5.0A* 0.95 0.90 0.83A

B 5.0 4.9 5.0A 0.96 0.87 0.77B

C 5.5 4.9 5.0A 0.96 0.88 0.84A

Sudzuk
A 5.4 4.7 4.8a 0.97 0.92 0.87a

D 5.6 5.1 5.2b 0.95 0.89 0.86b

E 5.7 5.3 5.4c 0.96 0.90 0.88a

* Mean values in the same column with diff erent letters diff er signifi cantly (P<0.05) within sausage type.
Statistical signifi cance was analysed for results of the last day of production process.

Тable 3.  Chemical components (mean value±sd*) analysed during production of Sremska sausages

Day Moisture
(%)

Lipids
(%)

Proteins
(%)

NaCl
(%)

Ash
(%)

Nitrites
(mg kg-1)

Industry A

0 57.8±1.0 16.3±1.2 22.6±0.1 2,2±0.0 3,4±0.0 136.2±3.1

8 38.3±1.1 32.1±0.9 25.9±0.3 2.6±0.1 3.9±0.1 69.6±1.0

15 28.8±0.8A 39.7±0.8B 27.5±0.4A 3.8±0.1A 4.7±0.1A 9.5±0.5A

Industry B

0 55.9±0.7 18.2±0.4 22.5±0.5 2.2±0.1 3.4±0.1 139.3±2.2

8 34.3±0.7 34.4±0.7 26.8±0.5 2.7±0.1 3.9±0.1 70.1±1.8

15 28.3±0.6A 39.5±0.8B 27.2±1.0AB 3.6±0.1B 4.8±0.1A 10.3±1.1A

Industry C

0 55.7±0.6 19.2±0.5 21.7±0.4 2.2±0.0 3.4±0.0 139.7±1.2

8 34.2±1.2 35.4±0.6 25.3±0.4 2.7±0.1 3.9±0.0 71.9±0.8

15 28.9±0.8A 40.2±1.1B 26.5±0.3BC 3.6±0.1B 4.8±0.0A 10.5±1.1A

* Mean values in the same column with diff erent letters diff er signifi cantly (P < 005)
Statistical signifi cance was analysed for results of the last day of production process
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at the half-way point of their production processes 
(Official Gazette, 2015).

The fat content in Sremska sausages at the final 
stage of production was lower or similar to average 
values of other industrially produced DFS, which 
rang from 40% to 50% of the total content (Olivares 
et al., 2010).

The total protein content of Sremska sausag-
es was greater than 20%, so these products from 
all three meat industries were produced in accord-
ance with the requirements of official regulations 
(Official Gazette, 2015). In addition, the protein 
contents in our Sremska sausages were in accord-
ance with values reported by Ferreira et al. (2007) 
for Portuguese sausages, but higher than values for 
different types of commercially produced DFS sam-
pled from the Belgian market (De Mey et al., 2014).

Levels of NaCl and ash increased during fer-
mentation and drying due to reducing water content, 
so the highest concentrations of these were deter-
mined on the last day of production. The values of 
NaCl in finished Sremska sausages were similar to 
findings for Greek DFS (Drosinos et al., 2005) and 
to levels of different types of sausages reported by 
De Mey et al. (2014). On the other hand, the final 
NaCl levels we determined were a little higher than 
those stated for sausages of Portuguese and Spanish 
origin (Fereirra et al., 2007; Salgado et al., 2006).

The initial levels of nitrite in the Sremska sau-
sages, ranging from 136.2 to 139.7 mg kg-1, were 
in compliance with Serbian legislation (Official 
Gazette, 2018), where the maximum permitted added 
amount of sodium nitrite is 150 mg kg-1. Expectedly, 
in finished products concentrations of nitrites in all 
Sremska sausages were lower (5–15 mg kg-1), but 
within values recommended for stability during the 
storage period (Sindelar and Milkowski, 2011).

Sudzuk sausages

The pH values of Sudzuk sausages (Table 2) at 
the start (Table 2; day 0) were slightly higher than 
findings from study of Operta et al. (2012), but 
markedly lower than pHs reported by Kozacinski et 
al., (2008) for same stage of production. Generally, 
fermentation led to a drop of pH of the Sudzuk sau-
sages from all three producers, but to varying de-
grees. The lowest pH was found in the sausages 
from industry A in the middle of production, prob-
ably due to the considerably higher amount of GDL 
(1.2%) in these products than is usually expected for 
this additive in fermented sausages (0.5%). On the 
other hand, the highest pH values were determined 
in Sudzuk sausages from industry E, where GDL 
was not added, but only a relatively small quanti-
ty of glucose (Table 1). Consequently, the finished 
products of industries A and D can be classified as 

Таble 4.  Chemical components (mean value±sd*) analysed during production of Sudzuk sausages

Day Moisture
(%)

Lipids
(%)

Proteins
(%)

NaCl
(%)

Ash
(%)

Nitrites (mg/
kg)

Industry A 

0 52.5±0.7 24.7±0.6 19.3±0.8 2.2±0.2 3.6±0.2 136.8±3.2

8 37.2±0.4 35.3±0.9 22.8±1.2 3.2±0.2 4.6±0.0 70.5±1.8

15 28.0±0.4A 40.6±0.7A 26.4±1.4A 3.6±0.2A 4.7±0.2A 7.1±0.4A

Industry D

0 46.2±0.6 35.1±0.9 15.1±1.1 2.5±0.1 3.6±0.1 128.7±1.9

8 30.6±1.2 44.1±1.7 20.2±0.8 3.9±0.1 5.2±0.1 78.9±1.6

15 23.5±0.7B 50.4±2.5B 21.3±1.4B 4.1±0.2B 5.5±0.2B 9.8±0.4B

Industry E

0 56.4±1.1 16.4±1.8 23.1±1.1 2.8±0.1 4.1±0.1 137.3±3.9

8 35.8±0.5 33.9±0.4 25.4±0.5 3.6±0.1 5.0±0.0 71.6±1.6

15 32.0±0.4C 36.5±0.4C 26.2±0.3B 3.9±0.1B 5.3±0.1B 9.2±0.7B

* Mean values in the same column with diff erent letters diff er signifi cantly (P < 0.05).
Statistical signifi cance was analysed for results of the last day of production process.
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high-acid fermented sausages (pH <5.3), while in-
dustry E product satisfied the category of low-acid 
fermented sausages (pH 5.3) (Incze, 2004). It should 
be noted that the pH of Sudzuk sausages from indus-
try A was below 5, a minimum allowed pH value for 
DFS prescribed by Serbian legislation since 2015.

The initial aw levels in Sudzuk sausages (Table 
2) were in accordance with the literature data for this 
sausage category and stage of production. During 
Sudzuk ripening, there was a noticeable decrease in 
the aw, which was, however, less pronounced than 
in Sremska sausages. Differences in aw decrease are 
mainly due to variation in size of products. The di-
ameter of the Sudzuk from industries A and D (Ø 
38–42 mm) was greater, while those from industry 
E were the same as the Sremska sausages (Ø 32–36 
mm). However, the absence of GDL in Sudzuk from 
industry E probably had an effect on the less pro-
nounced decrease of aw compared to Sremska sau-
sages. At the end of the drying process, all Sudzuk 
sausages had aw below 0.9, which means they can 
be categorised as microbiologically stable products 
with long shelf life.

The results of chemical composition of fin-
ished Sudzuk sausages (Table 4) were less uni-
form than for Sremska sausages. Operta and Smajic 
(2006) also investigated the chemical composition 
of Sudzuk, but only from one meat industry. Their 
findings are closest to those from our industry A, al-
though moisture was slightly higher and fat and pro-
tein contents lower in our investigation.

The results of initial moisture level in Sudzuk 
sausages showed great variations, ranging from 
46.2% in sausages from industry D to 56.4% in sau-
sages manufactured by industry E. The highest con-
tent of water (in sausages from industry E) was like-
ly related to this company’s selection of unfrozen, 
chilled meat for batter preparation. In finished prod-
ucts, water content differed significantly (P<0.05) 
between the different producers. Nevertheless, 
Sudzuk sausages from all three industries were in 
accordance with the requirements of Serbian legis-
lation (Official Gazette, 2015), since the water con-
tent in sausages at the end of the production was less 
than 35%, while the total protein content was great-
er than 20%.

The fat content in Sudzuk sausages at the end 
of the production process also varied significantly 
(P<0.05) between industries, ranging from 36.5% to 
50.4%. However, all fat content levels were in the 

range of average fat content in commercially pro-
duced DFS.

The contents of NaCl and ash in Sudzuk sau-
sages after the fermentation and drying processes 
were similar to or somewhat higher than in finished 
Sremska sausages, and these parameters were also 
in the range of values for dry fermented products re-
ported in some other studies (De Mey et al., 2014; 
Salgado et al., 2006; Drosinos et al., 2005).

The level of added nitrite in sausages on the in-
itial day of production was less than 150 mg kg-1, 
which is in accordance with the Serbian legislation 
(Official Gazette, 2018). The content of nitrite in all 
Sudzuk sausages at the end of the production pro-
cesses varied within the recommended values, i.e. 
from 5 to 15 mg kg⁻1.

Concluding remarks

 ▪ pHs of sausages at the beginning of process-
ing were in the range of usually expected values 
(pH 5.5–5.8) for that step of production. The 
fi nished products were classifi ed as high-acid 
sausages (pH<5.3), with an exception of Sud-
zuk from industry E, which was a low-acid sau-
sage (pH ≥5.3);

 ▪ aw values of all sausages were 0.9 or below 
starting from mid-process (day 8), which cate-
gorised them as microbiologically stable prod-
ucts;

 ▪ moisture levels decreased gradually and at the 
end of process were below 35%, meaning all 
sausages would be classifi ed as dry fermented 
products according to offi  cial regulation;

 ▪ protein contents were higher in Sremska than in 
Sudzuk sausages, but in both types, protein lev-
els were in accordance with offi  cial standards 
for DFS (≥20%);

 ▪ fat contents increased during ripening, reaching 
values of 40% in Sremska and 50% in Sudzuk, 
but all were in the range of average fat contents 
for commercially produced DFS;

 ▪ levels of residual nitrite in all sausages at the 
start (day 0) were lower than the maximum per-
mitted amount (150 mg kg-1); at the end of pro-
cess (day 15), nitrite levels accorded with rec-
ommended levels for long term stability of 
sausages (5–15 mg kg-1);
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Odabrane fi zičko-hemijske odlike fermentisanih suvih 
kobasica proizvodenih u različitim industrijama mesa 
u Srbiji

Miroslav Dučić, Danijela Vranić, Milan Z. Baltić 

Apstrakt: Ispitane su fi zičko-hemijske odlike industrijski proizvedenih sremske kobasice i sudžuka radi upotpunjavanja saznanja 
o kvalitetu tipičnih fermentisanih proizvoda od svinjskog i goveđeg mesa u Srbiji. Postupak proizvodnje ispitan je u pet mesnih indu-
strija. Analiziran je sadržaj vode, masti, belančevina, NaCl, pepela, nitrita, kao i pH i aktivnost vode kobasica, na početku, sredini i 
završetku proizvodnog postupka. Rezultati ispitivanja hemijskog sastava sremske kobasice su ujednačeni, dok su kod sudžuka ustano-
vljene značajne varijacije. Bez obzira na utvrđene varijacije, u svim industrijama oba tipa proizvoda su u skladu sa važećim propisima 
o kvalitetu fermentisanih suvih kobasica u Srbiji. Rezultati analize aktivnosti vode i pH vrednosti ukazuju da se ispitane kobasice mogu 
smatrati mikrobiološki stabilnim proizvodima tokom čitavog postupka proizvodnje.

Ključne reči: sremska kobasica, sudžuk, fi zičko-hemijske odlike, industrija mesa.
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